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A recent study illustrating the importance of sensory inﬂuences on inhibition of return (IOR) found stim-
uli biased towards the parvocellular (P) pathway produced greater IOR while stimuli biased towards the
magnocellular (M) pathway produced less IOR (Brown, 2009; Guenther & Brown, 2007). The present
study used a different sensory manipulation (temporal onset/offset) to further explore this relationship.
Greater M activity was expected when stimuli were presented abruptly (M-biased) compared to when
stimuli were ramped on and off (P-biased). Consistent with our recent ﬁndings, greater location-based
IOR was found under ramped vs. abrupt conditions. The results showed location-based IOR is inﬂuenced
by the nature of stimulus presentation (ramped vs. abrupt) providing convergent evidence of an IOR
mechanism sensitive to M- and P-biased stimuli.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
Researchers studying visuo-spatial attention have often used a
covert cuing paradigm to explore the allocation of attention in
the environment. A covert cuing task usually involves a cue ﬂash-
ing on and off at a location in the periphery. After a pause, a target
is presented either at the validly cued or an invalidly cued location.
When the time between the cue and target is short (i.e., short stim-
ulus onset asynchronies (SOAs)), facilitation is typically observed.
Research by Posner and Cohen (1984) has shown, at longer SOAs,
attention may be inhibited to return to locations previously at-
tended. This reaction time inhibition (RTI), later termed inhibition
of return (IOR) (Posner et al., 1985) has been explored using a vari-
ety of stimuli and methods. Differing from the common attentional
account, Posner and Cohen (1984) originally described RTI as a sen-
sory phenomenon. It was Posner et al. (1985) who ﬁrst offered an
attentional account. Recent research has challenged a purely atten-
tional account emphasizing the importance of a sensory compo-
nent in IOR (e.g., Bell, Fecteau, & Munoz, 2004; Brown, 2009;
Guenther & Brown, 2007; Reuter-Lorenz, Jha, & Rosenquist, 1996;
Sumner, 2006; Sumner et al., 2004).
In describing IOR, Berlucchi (2006) states, ‘‘In spite of its sim-
plicity, the IOR phenomenon cannot be accounted for by a single
mechanism and most probably involves both sensory and atten-
tional components (p. 1065).’’ Challenging a purely attentional ac-
count of IOR is the ﬁnding of IOR in double cuing experiments (e.g.,
Posner & Cohen, 1984; Tassinari & Berlucchi, 1993). Typical single-ll rights reserved.
y, Department of Psychology,
(B.A. Guenther).cuing experiments (like the present experiments) involve a single
cue appearing in one of two possible locations followed by a target
appearing either at the validly or invalidly cued location. In
double-cuing experiments, the cue appears simultaneously at both
possible target locations. The appearance of the cue at both loca-
tions would not direct attention to a speciﬁc target location but in-
stead, split it across both locations. The ﬁnding of inhibition of a
similar magnitude (compared to single-cue experiments) with a
double-cue (at shorter SOAs, e.g., Tassinari & Berlucchi, 1993) sug-
gests a sensory component to IOR (Berlucchi, 2006). Another chal-
lenge to a purely attentional account comes from experiments
using informative cues. When the cue is 100% predictive of the tar-
get location there would be no need for attention to disengage
from the cued location (and thus reorient back); however, IOR is
still found at the predicted location (Chica, Lupiáñez, & Bartolomeo,
2006).
One strategy to examine the sensory component of IOR would
be to manipulate the sensory characteristics of the stimuli since
a purely attentional account would not predict differences in IOR
with this type of manipulation. Using a manipulation of stimulus
spatial frequency, Brown (2009) demonstrated the magnitude of
IOR can be inﬂuenced by whether the targets were high or low spa-
tial frequency. Using 1, 4, and 12 cpd Gabor patches as cues and
targets (tested in pairs) they found the increase in RTs to higher
spatial frequency targets (4 and 12 cpd targets when paired with
1 cpd targets) was greater at the validly cued location. This re-
sulted in greater IOR magnitudes when the target was a high
spatial frequency Gabor patch.
One account for IOR (compatible with including a sensory com-
ponent) argues it serves as a mechanism facilitating efﬁcient
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returning to previously attended locations (e.g., Klein, 2000; Klein
& MacInnes, 1999). If IOR serves such a function, then it may also
be sensitive to the perceptual content of the stimuli used. For
example, if efﬁcient search behavior is the goal, it would likely
be more advantageous to have a stronger inhibition to higher spa-
tial frequency (more detailed) information than lower spatial fre-
quency information (i.e., the gist of a scene). In other words, once
attention has been directed to a speciﬁc object/location and sufﬁ-
cient information is acquired, the mechanisms responsible for
IOR may facilitate efﬁcient search by discouraging additional de-
tailed processing there. Since lower frequency information pro-
vides us with a more global spatial layout of a scene and could
also signal movement/change, it would be less advantageous to
have as strong of an inhibition to this type of information. The ﬁnd-
ing of greater IOR to higher spatial frequency targets (e.g., Brown,
2009; Guenther & Brown, 2007) is consistent with this perspective.
One way to examine the sensory component of IOR is to use
stimuli designed to take advantage of differences in the informa-
tion preferentially processed by the magnocellular (M) and parvo-
cellular (P) visual pathways (or the transient and sustained
channels). The present experiments discuss the use of stimulus
manipulations from their relative biases towards M and P process-
ing. The M and P pathways have different sensitivities to stimulus
properties such as spatial frequency and the temporal nature of
stimulus onset/offset. For example, the M pathway is more sensi-
tive to low spatial frequencies while the P pathway is more sensi-
tive to intermediate to high spatial frequencies (Kulikowski &
Tolhurst, 1973; Legge, 1978; Tolhurst, 1973, 1975b). Additionally,
the M pathway prefers abrupt onsets and offsets (Breitmeyer & Ju-
lesz, 1975; Tolhurst, 1975a). Although both pathways constantly
contribute to our visual experience, their relative sensitivities to
different stimulus dimensions (e.g., spatial frequency, luminance,
color) allow researchers to manipulate their relative contributions
and then observe how perception (e.g., Brown & Koch, 2000; Liv-
ingstone & Hubel, 1987; McAnany & Alexander, 2006; McAnany
& Levine, 2007; Yeshurun & Carrasco, 1998, 1999; Yeshurun &
Levy, 2003) and attention (e.g., Cheng, Eysel, & Vidyasagar, 2004;
Yeshurun, 2004) is affected.
Research has suggested the M pathway may play an important
role in guiding visual processing (Bullier, 2001, 2006; Kveraga,
Boshyan, & Bar, 2007) and the deployment of visual attention
(Vidyasagar, 1999, 2005). Additionally, perceptual processing of a
scene typically progresses from the gist to more detail (i.e., from
global to local) (Hughes, Fendrich, & Reuter-Lorenz, 1990; Shulman
& Wilson, 1987; Shulman et al., 1986). Returning to the foraging
facilitator account of IOR, after sufﬁcient information is acquired
from an attended location, the mechanisms responsible for IOR
may discourage additional local processing there. While returning
to process additional detailed information would be disadvanta-
geous, it would be advantageous to be able to quickly reorient back
to previously attended locations if there was a global change such
as something moving or appearing. From this perspective, stimulus
conditions favoring P activity should produce greater IOR than con-
ditions favoring M activity. If the data from Brown (2009) are
examined in terms of relative M- and P-biased conditions, then
the high spatial frequency condition reﬂects a P-bias while the
low spatial frequency condition reﬂects an M-bias. Greater IOR
was found when stimulus conditions reﬂected a P-bias.
Since the majority of IOR research employs the use of simple
geometric shapes as cues and targets, it is possible the effects re-
ported by Brown (2009) may not reﬂect a relationship between
IOR and M/P activity and are unique to using Gabor patches as
stimuli. The present research aims to further examine the sensory
component of IOR using more traditional stimuli. To achieve this,
the present experiments used cues and targets that were simple,luminance deﬁned squares presented either abruptly (on/off) or
ramped (a gradual increase/decrease in luminance). Manipulations
of stimulus ramping have previously been used to generate M- and
P-biased conditions (e.g., Castiello, Badcock, & Bennett, 1999;
Crewther, Kiely, & Crewther, 2006; Kiely, Crewther, & Crewther,
2007; Leonova, Pokorny, & Smith, 2003; McAnany & Levine,
2005). The M pathway has a strong response to temporal transients
which occur at stimulus onset and offset with abruptly presented
stimuli. Ramping stimulus onset and offset eliminates (or greatly
reduces) these temporal transients. By eliminating/reducing the
temporal transients using ramped stimuli, the M pathway is ex-
pected to have a relatively weaker response compared to when
the stimulus is abrupt. Therefore, ramped conditions are hypothe-
sized to reﬂect a relative bias towards P processing while abrupt
conditions are hypothesized to reﬂect a relative bias towards M
processing.
2. Experiment 1
The ﬁrst experiment compared RTs in an IOR task to stimuli pre-
sented either abruptly or ramped. Based on effects of stimulus spa-
tial frequency on IOR (Brown, 2009; Guenther & Brown, 2007), it
was expected that P-biased conditions (i.e., ramped presentations)




Thirty-one undergraduates participated for course credit. All
participants had normal or corrected to normal vision, and were
classiﬁed as right handed according to the Annett Handedness
Scale.
2.1.2. Stimuli and apparatus
Stimuli were presented and data collected using E-Prime soft-
ware running on a PC computer using a color monitor running at
85 Hz. Responses were collected from a standard QWERTY key-
board. Participants sat in a darkened room 191.8 cm from the mon-
itor using a chin rest.
Stimuli were presented on a gray background (mean luminance
13 cd/m2). Cues and targets were square shaped subtending 0.4
and 0.6 respectively and were centered 2.1 the ﬁxation point
which consisted of a 0.1 dot presented at center screen.
Cues and targets were either presented abruptly or ramped
depending on the condition of the experiment. Abrupt cues and
targets had a mean luminance of 66 cd/m2 and ramped cues and
targets appeared as a rapid progression of 10 stimuli of increasing
luminance from 13 cd/m2 (local background luminance) to the full
intensity of 66 cd/m2 (with the 10th step representing full lumi-
nance intensity) over 212 ms (sequence: 18, 23, 29, 34, 40, 45,
50, 55, 61, 66 cd/m2). Each frame in this progression was matched
to two refresh cycles of the monitor (85 Hz) and the cue then re-
mained at full intensity for 174 ms before disappearing in 10
decreasing steps over 212 ms. Cue duration was 600 ms for both
abrupt and ramped conditions.
2.1.3. Design
The experiment was set up in a 2 (stimulus presentation:
abrupt vs. ramped)  2 (location cuing: valid vs. invalid) repeated
measures design.
2.1.4. Procedure
Each session consisted of two blocks, one block for each method
of stimulus presentation (abrupt vs. ramped). The order of block
Table 1




Abrupt 349 313 36
Ramped 375 318 57
(b) Experiment 2
Abrupt 323 284 39
Ramped 354 298 56
Fig. 1. Mean IOR values for Experiments 1 and 2.
Fig. 2. Difference score illustrating the effect of target ramping on RTs at the validly
and invalidly cued locations for Experiments 1 and 2. The difference score was
calculated by subtracting RTs to abrupt targets from RTs to ramped targets at
validly and invalidly cued locations.
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consisted of 10 practice trials followed by 100 randomly presented
experimental trials. There was a short break between blocks. The
within-subjects factors created a design generating four condi-
tions, each receiving 20 trials. Twenty catch trials, in which no tar-
get was presented, were included in each block.
Due to the importance of spatiotemporal stimulus parameters
for producing location-based IOR (Collie et al., 2000; McAuliffe &
Pratt, 2005; Pratt & Fischer, 2002; Pratt, Hillis, & Gold, 2001), we
chose timing parameters (e.g., cue duration, cue-to-target interval)
known to produce location-based IOR. The speciﬁc cue duration
and stimulus onset asynchrony (SOA) were chosen from McAuliffe
and Pratt (2005), which found very similar IOR magnitudes with
600 ms (the full cue duration used in the present experiment)
and 400 ms (the duration in which ramped cues were at full lumi-
nance) cues at a SOA of 800 ms, to ensure differences in the dura-
tion of the cue at its full luminance value would not lead to
differences in observed IOR (this possibility was ruled out with a
control experiment. See Section 4). Each trial began with the par-
ticipant directing their gaze at the ﬁxation stimulus in the center
of the screen and starting each trial by pressing the space bar with
their left hand. One second after starting the trial, a cue (non-pre-
dictive of target location) appeared for 600 ms. In the ramped con-
dition the luminance intensity was gradually increased and
decreased whereas in the abrupt condition the cue simply ap-
peared and disappeared. The stimulus onset asynchrony (SOA)
was 800 ms with an interstimulus interval (ISI) of 200 ms. The tar-
get then appeared at full intensity (for the abrupt condition), or
gradually appeared (in the same manner as the cue) and the partic-
ipant responded by pressing the ‘0/Ins’ key on the keyboard with
their right index ﬁnger. A blank gray screen was presented for
750 ms between trials and the return of the ﬁxation stimulus sig-
naled the next trial was ready to begin. If a participant responded
during a catch trial an error message was presented at center
screen.
2.2. Results
Four participants were excluded from data analysis due to
excessive false alarms (FAs) (20% and above) on one or both blocks
of trials, leaving a total of 27 participants. For the remaining partic-
ipants, trials with RTs (measured from when the target ﬁrst ap-
pears) less than 150 ms and greater than 1000 ms were then
excluded prior to data analysis. Each participant’s mean RTs were
calculated for each condition. After FA exclusions and trimming,
any participant whose means on one or more conditions (RT or
IOR) were beyond 2.5 standard deviations of the group mean were
also excluded from data analysis. Two participants were elimi-
nated as outliers leaving a total of 25 (14 female). The mean false
alarm rate was 6%.
The RT data were submitted to a 2 (presentation: abrupt vs.
ramped)  2 (location cuing: valid vs. invalid) repeated measures
ANOVA. The results indicate the expected presence of sensory ef-
fects from reduced M activity (Breitmeyer, 1975) with greater
RTs for ramped targets (346 ms) than for abrupt targets (331 ms)
F(1,24) = 8.64, g22 ¼ :27, p < .05. RTs were greater at the validly
cued location (362 ms) when compared to the invalidly cued loca-
tion (315 ms) F(1,24) = 50.16, g22 ¼ :68, p < .05 revealing the pres-
ence of location-based IOR (see Table 1a). Additionally, the
ramping manipulation interacted with location cuing F(1,24) =
15.45, g22 ¼ :39, p < .05 such that greater IOR was observed to
ramped targets (57 ms) than to abrupt targets (36 ms)
t(24) = 3.92, p < .05 (see Fig. 1, left panel). Further examinations
of the effect of ramping at the validly and invalidly cued locations
revealed a greater effect of ramping at the valid location (26 ms)
than at the invalid location (5 ms) t(24) = 3.93, p < .05 (see Fig. 2).2.3. Discussion
The results of the present experiment indicate the greater IOR
to P-biased stimuli (i.e., high spatial frequency targets) reported
by Brown (2009) was not unique to Gabor patch stimuli. Further-
more, the present experiment provides convergent evidence of in-
creased IOR with P-biased stimuli. Overall, greater IOR was
observed to ramped targets (P-biased) than abrupt (M-biased) tar-
gets. Importantly, the effect of stimulus ramping on RTs was great-
er at the validly cued location indicating the greater IOR magnitude
observed to ramped targets was due to increased RTs at the validly
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occurred through decreased RTs at invalidly cued locations then it
could be argued the ramped (P-biased) conditions did not directly
affect IOR (this was not the case).
3. Experiment 2
Experiment 1 showed IOR magnitude can be inﬂuenced by
ramping the stimuli and offers supporting evidence for Brown’s
(2009) report of increased IOR to relatively P-biased conditions
(i.e., high spatial frequency targets). In Experiment 1, P-biased con-
ditions (ramped presentation) produced greater IOR when com-
pared to M-biased conditions (abrupt presentation). In the ﬁrst
experiment both the cues and targets were either presented
abruptly or ramped. Because of this, it could be argued the results
observed in Experiment 1 may be due to the cues instead of the
targets (even though RTs were only measured to the targets).
Therefore, a second experiment was conducted in which abrupt
targets were paired with ramped cues and ramped targets were
paired with abrupt cues. If the results were solely due to the cues
then greater IOR to conditions with ramped cues (with an abrupt
target) would be expected. If the results were inﬂuenced by both
the cues and targets then the previous ramping effects could be re-
duced or eliminated. However, if the previous results were primar-
ily due to the targets then greater IOR would still be expected to
ramped targets irrespective of cue type.
When Brown (2009) tested the effect of stimulus spatial fre-
quency on IOR, the spatial frequency of their cues were non-pre-
dictive of the spatial frequency of their targets and the
differences in IOR magnitude were primarily due to the spatial fre-
quency of the target. Based on their ﬁndings it was predicted that
greater IOR would still be observed to the ramped targets irrespec-
tive of whether the cue was ramped or abrupt.
3.1. Method
3.1.1. Participants
Twenty undergraduates participated for course credit. Selection
criteria was the same as in Experiment 1.
3.1.2. Stimuli and apparatus
Same as in Experiment 1.
3.1.3. Design
The experiment was set up in a 2 (stimulus presentation:
ramped cue with abrupt target vs. abrupt cue with ramped tar-
get)  2 (location cuing: valid vs. invalid) repeated measures
design.
3.1.4. Procedure
The procedure was the same as in Experiment 1 with the fol-
lowing exception. Abrupt targets were paired with ramped cues
and ramped targets were paired with abrupt cues.
3.2. Results
Exclusion criteria was the same as in Experiment 1. Two partic-
ipants were eliminated due to excessive FAs leaving 18 (8 female).
The mean false alarm rate was 4%.
The RT data were submitted to a 2 (stimulus presentation:
ramped cue with abrupt target vs. abrupt cue with ramped tar-
get)  2 (location cuing: valid vs. invalid) repeated measures ANO-
VA. RTs were longer to ramped targets with an abrupt cue (326 ms)
than to abrupt targets with a ramped cue (303 ms) F(1,17) = 17.88,
g22 ¼ :51, p < .05. IOR was observed with longer RTs at the validlycued location (338 ms) than the invalidly cued location (291 ms)
F(1,17) = 67.41, g22 ¼ :80, p < .05 (see Table 1b). The interaction be-
tween stimulus presentation and location cuing was also signiﬁ-
cant F(1,17) = 6.84, g22 ¼ :29, p < .05 with greater IOR for the
ramped target (56 ms) than the abrupt target (39 ms)
t(17) = 2.61, p < .05 (see Fig. 1, right panel). Examinations of the
ramping effect at the validly and invalidly cued locations again re-
vealed ramping to have a greater effect on RTs at the validly cued
location (32 ms) than the invalidly cued location (14 ms)
t(17) = 2.62, p < .05 (see Fig. 2).3.3. Discussion
The results from Experiment 2 closely replicate the results of
Experiment 1 (see Fig. 1) indicating the effects found in Experiment
1 were not due to the nature of the cues. As in Experiment 1, great-
er IOR was observed to ramped (P-biased) compared to abrupt (M-
biased) targets.4. General discussion
Previous research manipulating target spatial frequency found
greater IOR in conditions expected to reﬂect a relative P-bias (high
spatial frequencies) than conditions expected to reﬂect a relative
M-bias (low spatial frequencies) (Brown, 2009; Guenther & Brown,
2007). To further examine the role of stimulus characteristics in
location-based IOR and to determine if similar results could be ob-
served using more traditional stimuli (e.g., simple geometric
shapes compared to Gabor patches), the present study employed
abrupt vs. ramped stimulus presentations to generate M- and P-
biased conditions.
Building on earlier research indicating IOR is inﬂuenced by sen-
sory variables (e.g., Bell, Fecteau, & Munoz, 2004; Brown, 2009;
Guenther & Brown, 2007; Posner & Cohen, 1984; Reuter-Lorenz,
Jha, & Rosenquist, 1996; Sumner, 2006; Sumner et al., 2004), our
use of abrupt vs. ramped stimulus presentations allowed us to
investigate the inﬂuence of a new sensory stimulus variable on
location-based IOR. As expected from a manipulation of relative
M and P processing, RT comparisons between ramped and abrupt
conditions revealed increased RTs for ramped (P-biased) compared
to abrupt (M-biased) conditions. It should be noted that the in-
creased RT to ramped targets does not necessarily conﬁrm M-
and P-biased conditions; however, it is consistent with the ex-
pected effect of a manipulation of M and P processing on RT.
Importantly, the increase in RTs to ramped targets was greater at
the validly cued locations resulting in greater IOR for ramped com-
pared to abrupt targets. This is important because, if the increased
IOR observed for the ramped (P-biased) targets occurred through
decreased RTs at invalidly cued locations then it could be argued
the ramped conditions did not directly affect IOR (which was not
the case).
One issue that arises when using a ramped stimulus presenta-
tion is the question of when the stimulus becomes visible enough
for participants to initiate a response (i.e., can subjects initiate a re-
sponse to the ﬁrst luminance in the ramp sequence and how does
that compare to their response to the max (abrupt) or a middle
luminance value). To address this, a control experiment was con-
ducted. One group (n = 17) participated in an IOR task (similar to
Experiment 2) with ramped cues and abrupt targets that were
either the ﬁrst (18 cd/m2) or ﬁfth (40 cd/m2) luminance in the
ramp sequence. The different target conditions were presented
within-subjects, in separate blocks, and counterbalanced. RT data
were then submitted to a paired-samples t-test revealing no differ-
ences between them (340 vs. 331 ms) t(16) = 1.62, p > .12. A second
group (n = 17) participated in an IOR task replicating the abrupt
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pendent-samples t-test) with the ﬁrst group revealing no differ-
ences in RTs between targets with luminance values for step 1
(340 ms) and step 10 (334 ms) t(32) = .49, p > .62 or step 5
(331 ms) and step 10 (334 ms) t(32) = .19, p > .85. These analyses
indicate participants were able to see and initiate a response to the
ramped stimuli from the ﬁrst frame of the ramp sequence. There-
fore, slower RTs to ramped targets cannot be due to an inability to
begin a response until the ramp reaches peak luminance. Thus,
slower RTs to ramped targets are likely due to the temporal nature
of the stimulus inﬂuencing the relative activation of the M path-
way as previously demonstrated (e.g., Breitmeyer & Julesz, 1975;
Tolhurst, 1975a).
Experiment 2 was designed to test if the greater IOR to ramped
targets in the ﬁrst experiment was due to ramping of the cue, tar-
get, or a combination of the two (i.e., could the effects be due to the
cue instead of the target). To test this, IOR was measured in condi-
tions in which ramped and abrupt targets were paired with abrupt
and ramped cues respectively. Greater IOR was still observed to
ramped compared to abrupt targets. This result ruled out the pos-
sibility of the effects observed in Experiment 1 (increased IOR for
P-biased ramped conditions) being due to the cue instead of the
target. Further evidence supporting this can be seen in the close
resemblance between Experiments 1 and 2 (see Fig. 1). These data
suggest the sensory characteristics of the cue (i.e., M- or P-biased)
is less important (as long as it is still effective) than the sensory
characteristics of the target in an IOR task. This is consistent with
the ﬁnding that isoluminant cues (P-biased), with dynamic random
noise used to mask residual luminance information, are as effective
as luminance deﬁned cues in capturing reﬂexive attention (Snow-
den, 2002). Since P-biased cues can be just as effective at capturing
attention, then as was the case in the present experiments,
whether the cue was abrupt or ramped should not matter.
It is important to note, while data from the present experiment
and Brown (2009) suggest P-biased conditions result in increased
IOR magnitude, it is also possible the increased IOR is due to a
reduction in the M pathway’s ability to process the targets. In other
words, the increased RTs to ramped targets appearing at the validly
cued location (i.e., greater IOR) could be due to a relative increase
in P pathway processing of the target stimulus or it could be due to
a reduction in the M pathways ability to process the target stimu-
lus. However, since manipulations of stimulus spatial frequency or
ramping do not isolate one pathway over the other it is difﬁcult to
ascertain precisely which may be driving the effect.
There is a growing body of research illustrating the importance
of the P pathway in attention (e.g., Brown, 2009; Guenther &
Brown, 2007; Roth & Hellige, 1998; Srinivasan & Brown, 2006;
Steinman, Steinman, & Lehmkuhle, 1997; Vidyasagar, 1999,
2005; Yeshurun, 2004; Yeshurun & Carrasco, 1999; Yeshurun &
Levy, 2003). For example, Srinivasan and Brown (2006) endoge-
nously cued M- and P-biased stimuli in simple detection and target
identiﬁcation tasks. For a simple detection task, they found typical
cuing effects for both types of stimuli; however, in a target identi-
ﬁcation task, typical cuing effects were only found for the P-biased
stimuli. The responses to the M-biased stimuli were not affected by
whether they were validly (attended) or invalidly (unattended)
cued suggesting P activity may be more associated with attentive
processing while M activity may be more associated with inatten-
tive processing. The present experiments add to this body of re-
search exploring the relationship between attention and P and M
activity indicating manipulations of relative P and M activity inﬂu-
ence the magnitude of IOR.
While some research emphasizes the role of the superior col-
liculus (SC) in IOR (e.g., Godijn & Theeuwes, 2002; Sapir et al.,
1999), others have demonstrated IOR can be generated without
the involvement of the SC (Sumner et al., 2004). Using short-wavesensitive (S) cone stimuli, Sumner et al. (2004) found IOR for man-
ual but not saccadic responses. They suggest IOR results from two
separate mechanisms. The ﬁrst mechanism generates IOR based on
oculomotor planning through the retinotectal pathway and SC and
the second mechanism generates IOR based on cortical pathways.
They emphasize the retinotectal mechanism is responsible for
saccadic IOR whereas both mechanisms may contribute to tradi-
tional IOR as measured through manual responses. The M pathway
provides the major cortical input to the SC (Schiller, Malpeli, &
Schein, 1979) and is argued, due to its sensitivity in detecting
abrupt changes, to be important for attentional orienting (or guid-
ing attention) (e.g., Bullier, 2001; Laycock, Crewther, & Crewther,
2007, 2008; Vidyasagar, 1999; Vidyasagar & Pammer, 1999). With
its potential role in directing attention, the M pathway might be
expected to have a major role in the generation of IOR; however,
IOR is still found in conditions expected to have little involvement
from the M pathway (e.g., with S cone stimuli) (Sumner et al.,
2004). Additionally, the present data, along with Brown (2009) ﬁnd
greater IOR with P-biased stimulus conditions. If the mechanisms
responsible for IOR encourage efﬁcient search behavior by discour-
aging additional processing of detailed information at previously
attended locations/objects it would still be advantageous to be able
to quickly reorient back to previously attended locations if there
was a gross (global) change such as something moving or appear-
ing. From this perspective, stimulus conditions favoring P activity
should produce greater IOR than conditions favoring M activity.
Although IOR was originally described as a sensory (Posner &
Cohen, 1984) rather than an attention phenomenon, the atten-
tional account (Posner et al., 1985) has dominated later research.
The attentional account holds that IOR is an inhibition of attention
to reorient or return to previously attended locations. In this ac-
count it is necessary for attention to ﬁrst be drawn to a location,
then away from that location, and the inhibition occurs when
attention must return to that previously attended location. Follow-
ing this, IOR has been described as a mechanism to facilitate efﬁ-
cient foraging behavior (e.g., Klein, 2000; Klein & MacInnes,
1999). Although this attentional account (Posner et al., 1985) has
been the focus of most IOR research, recent studies have again
highlighted the importance of a sensory component in IOR (e.g.,
Bell, Fecteau, & Munoz, 2004; Brown, 2009; Guenther, 2008; Guen-
ther & Brown, 2007; Reuter-Lorenz, Jha, & Rosenquist, 1996; Sum-
ner, 2006; Sumner et al., 2004).
Data from some experiments using double cuing (e.g., Posner &
Cohen, 1984; Tassinari & Berlucchi, 1993) and predictive cues (Chi-
ca, Lupiáñez, & Bartolomeo, 2006) offer challenges to a purely
attentional account of IOR. Additionally, the data from the present
experiment, along with Brown (2009), illustrate the sensory com-
ponent in IOR. Data from experiments using manipulations of
stimulus spatial frequency (Brown, 2009; Guenther & Brown,
2007) and stimulus ramping (present experiments) provide con-
vergent evidence for greater IOR to relatively P-biased targets
(e.g., high spatial frequency or ramped targets) than to relatively
M-biased targets (e.g., low spatial frequency or abrupt targets).
This effect of stimulus manipulations on IOR is not predicted by
a purely attentional account of IOR and thus suggests the necessity
for including a sensory component in future accounts of IOR.References
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